Working with Data on Economic Growth
1. Introduction: Data Use
Why would anyone seek data with which to indicate rates of economic growth? Governments and their officers compile growth rates as information used in deciding economic strategy and policy about the future. They do so in the belief that growth of productive output and government decisions are potentially powerful interdependent influences on human wellbeing.
Evidence of past growth rates might also be used in deciding strategies and policies for the future in non-government organisations, including businesses. For example, comparing growth rates between countries might be used to influence where firms market their products most intensively or where they base the business itself. Studying trends of growth over time might influence the types of product sold or developed for the market. International aid agencies and charitable trusts might use evidence of growth rates in different parts of the world in deciding where to offer resources for development projects. Non-government organisations might also use these data to anticipate future government policy and activity, then prepare their responses in the light of their expectations.  
Growth rates, drawn from government statistical sources or elsewhere, are cited in the mass media from time to time, usually when discussing how prosperous people are or might become.
Data might not become information, however and might not increase knowledge. Awareness of how data were generated can help to make reliable sense of what they indicate about economic aspects of life. Ideas from economic theory inform the complex process of producing many data series, as well as often informing their interpretation and use in business or political decision making.  
2. Data Search and Selection
Gross Domestic Product (GDP) is one standard indicator of the size of an economy, being a measure of output from production within a specified period. GDP includes all production taking place within specified territorial boundaries by resident producers, for example within the United Kingdom (UK): this takes no account of where in the world the output or the means of producing it are owned. Another measure of economic activity, Gross National Income (GNI), includes an adjustment to take account of flows of income from UK resident producers to other countries and those from non-UK producers to UK residents.  ‘Gross’ means that no adjustment has been made to take account of any physical depreciation that occurs in production to the economy’s fixed assets (capital). 
Each GDP figure indicates a quantity (level) of flow of output from production within a specified period, such as 1 year. The difference between two GDP figures, for the same place but for two different years, indicates growth as a change in that rate of flow per period. Identical GDP figures for two consecutive years (a time-series) would indicate that the flow of output is at a constant annual rate over those two years. Rising GDP figures indicate an increased flow of output, otherwise known as positive economic growth; falling GDP figures indicate negative growth (a downturn).
For the purposes of this case study, we will use GDP data as published by The Office of National Statistics (ONS), which compiles and issues many economic data series for the UK. Similar series with variations in presentation are available from locations such as the United Nations, Statistical Division. All of them are secondary data, being derived from primary observations of the world but re-presented in a different form.
GDP data for the UK can be downloaded from a National Statistics ‘release’ into an Excel file. Some releases are actual publications which may be available in hard copy from your library. Each release is likely to contain several numbered Tables. Each Table features its own set of data. Each series is given a unique 4 letter code (e.g. YBHA).

One release, issued quarterly, is UK Output, Income and Expenditure. The title reflects the basic economic accounting notion that GDP can be estimated by any one of three methods: (1) by summing the expenditures on final goods and services produced within the UK (the expenditure estimate); alternatively, (2) by summing the value added by the industrial sectors comprising the economy (the output or production method); or, (3) by summing the incomes generated by production within the economy (the income method). Choosing between these alternative methods is often largely a pragmatic one, based on quality of data available and the context of any commentary to be made.
The size or level of output of an economy (a flow per period) is different from how much wealth is in that economy (a stock of assets at a point in time). This is why a measure of output is simultaneously a measure of income (per period). Economists speak of a circular flow of incomes and output in a market economy
: incomes are received by the seller as output is handed over to the buyer. Positive economic growth per period can add to the total wealth of an economy, if the stock of existing assets is eliminated by production or depreciation at a lesser rate than new output is produced. 

We can locate UK Output, Income and Expenditure as one of the available releases. Table C1 of that release is entitled `Gross Domestic Product: expenditure at current market prices’. Within Table C1 is series YBHA, which features data on GDP at current market prices, meaning they reflect actual prices of goods and services agreed and paid between buyer and seller. Information derived from GDP estimates, obtained by each of the three methods, is known when the YBHA series is being compiled. Table C1 also conveniently reveals differences between this combined-method estimate and one obtained by the expenditure method alone; the underlying figures are collected separately, even though all the methods refer to the same resources in the same trading activity. 

Downloading series YBHA reveals annual data since 1948 and for each quarter-year since 1955. Note that these data are revised following first publication, as better information comes to light. We choose between annual and quarterly series largely to suit our particular purpose. It could also be that only one series yields sufficient data for conducting meaningful statistical analysis. Here we consider how the size of an economy varies over many years; we have sufficient observations to use the annual series for this purpose. 

Chart 1: UK GDP, Current Prices
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Source: UK Output, Income and Expenditure, National Statistics, Table C1
We begin analysing our chosen data set (from series YBHA) by presenting it clearly in line chart form (Chart 1). Each observation of GDP is in millions of pounds Sterling (£). For example, GDP in 1948 is estimated to have been £11,974 million (£11.974 billion). 
3. Data Transformation and Interpretation
GDP data from published sources are often reformulated or re-presented by economists before being interpreted for a specific purpose. These processes, which may involve various statistical or mathematical techniques, are sometimes called `manipulation’ but without meaning deliberate distortion.  

Some kind of comparison enables any particular observation (datum) to be put into an economically meaningful context. GDP comparisons can be between two time periods (time-series), as with our use of series YBHA above; instead, they may be between two different populations or places (cross-section). A combination of both comparisons, such as in a longitudinal series, can show how GDP time-series figures differ between two populations or places. We can also use ratios and percentages (%) to show one GDP figure relative to another, directly. 
Use of time-series data 
Chart 1 above shows a tendency for GDP to grow over time. For practical purposes businesses, government and others want to be able to measure the extent of this growth. 
We can calculate the factor or multiple by which the size of the economy has increased by the method known as compounding. We choose any two years, such as the first and last years in our series. We then calculate the implied annual rate of growth in size between these two years. In reverse, that annualised figure, if compounded over a given number of years, would result in the level of GDP rising from its size in the first year to its size in the last year. 

Data for long run time-series

We can express the formula for obtaining our long run growth rate as:
(1) 
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When using annual data, g is an annual growth rate. It is calculated by subtracting 1 from the result of taking the nth root of the GDP figure in the final year, V, to GDP in the first year, A. The n represents the number of years following our first observation. The formula can be used for data of any frequency, such as quarterly but the answer would reflect that frequency.  Substituting in our GDP figures for 1948 and 2008, we obtain an annualised long run growth rate of 0.0832 or 8.32%.

(2) 
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We want our growth rate to indicate changes in the size of annual output from production. Consider the case where output is measured by data denominated in a currency, such as sterling, that is used to buy and sell it. A measure expressed in money terms enables outputs of different products to be aggregated or compared with each other. Those data can be used to indicate the capacity of that economy to supply a volume of annual output sustainably over a lengthy period. 
Figures used for this purpose must be adjusted to eliminate the effect of any changes over the relevant period in how much output the currency being used to measure it will buy. If this adjustment is not made, growth (or reduction) in annual output capacity will be misleadingly over-(or under)stated. In our example, long run growth in output is overestimated because current prices prevailing at each point in time were subject to general price inflation.

Adjusting the currency figure is also required if the purpose is to indicate the value of annual output to people, as measured by how much it costs them to pay for it (a measure of their opportunity cost
).
We conclude, therefore, that data expressed in terms of a currency whose individual unit (e.g. one £) buys less or more output as the years go by can be misleading indicators of volume or value.                     

A solution to this problem is to quote figures from different years `in constant prices’; that means a currency as it was in one base year e.g. quoting the growth between 1948 and 2008 but in 2003 pounds (£). Economists have adjustments like that in mind when they refer to data series in `in real terms’.  Series measured without adjustment are said to be `in nominal terms’, `in current prices’ or `in cash terms’.
A constant-price series for GDP is produced by the expenditure and output methods and derived by a process known as chain linking. This involves comparing the size of GDP in an economy between any two consecutive years; for example, between 2007 and 2008, as if prices were constant at 2007 levels for this period (zero price inflation).  The percentage change between our two constant-price GDP figures implies the growth rate in output (by volume of production or by purchasers’ valuation of production). 

The chain linking procedure is repeated for each pair of consecutive years. The resulting percentage changes are applied to our current-price estimates of GDP, starting from a chosen base year.  The result is a constant-price series whose figure in the base year is the same as that in the nominal series. The annual percentage changes reflect the volume changes we derived through chain linking pairs of years. 

The constant-price series for GDP plotted in Chart 2 is series ABMI from Table C2 of UK Output, Income and Expenditure and, as with our nominal series YBHA, is the best estimate. A slightly different estimate would be obtained by summing the components of aggregate demand by the expenditure method. The difference between the expenditure estimate and the best estimate is shown in Table C2.

Chart 2: Nominal and Real GDP
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Source: UK Output, Income and Expenditure, National Statistics, Tables C1 and C2
We can draw inferences, from a constant-price GDP series, about growth rates in output or in capacity to produce output. This is because a unit of a zero-inflation currency could buy the same amount of output at any point in time. 

Care is needed when using real GDP figures because they differ according to which base year is chosen, reflecting  the price levels prevailing in that year. Therefore, it is conventional to express a GDP series explicitly as at some base-year set of constant prices; our series is at constant 2003 prices.

For the same reason, the absolute change between years in constant-price series figures also reflects the chosen base year. The percentage change in those figures, however, is independent of the chosen base year and reflects change in volume because it is obtained by chain-linking.  

By visual inspection (‘eyeballing’) Chart 2, we gain some impression of the long-run trend in size of economic output and the volatility of its growth. In particular, the upward trajectory of the constant-price series indicates positive output growth over time. To quantify the rate of growth, we can apply the compound growth rate formula (1). Substituting in for our GDP values at constant 2003 prices for 1948 and 2008, we obtain an annual long run growth rate of 0.0253 or 2.53%.

(3) 
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The 2.53% figure is an estimate of the UK long-run real growth rate. It enables us to quantify rates of increase in the volume of goods and services produced within the economy (so known as `domestic’ production). The nominal long-run growth rate of 8.38% per annum indicates merely the rate of increase in the number of current-price pounds used in transactions of goods and services produced within that economy. The difference between the real and nominal figures reflects annual rate of increase of domestic prices.
Data for short-run time series

Long-run compound growth figures quantify the rate at which an economy’s potential capacity typically grows. The rate at which the economy actually grows between consecutive years usually differs from the average rate. 
Chart 3: 
Annual growth rates of UK output
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Source: UK Output, Income and Expenditure, National Statistics, Table C2

We use our constant-price GDP series to calculate the actual percentage change in output for any year. For example, we calculate it for each year from 1949 to 2008. Each statistic reveals the extent to which the economy’s output grew in each year, relative to that in the previous year. The annual rates of growth are plotted in Chart 3 which reveals variability in growth, including any contractions in output flow, more readily than Chart 2 does.
Data for cross-section comparisons

Comparing data between different observations at one point in time in a simple cross-section study is mathematically similar to comparing them across time (but without the complications of compounding growth rates). Cross-section studies include inter-national, or even broader, comparisons but also more limited ones between regions or sectors within the same economy, using what is known as disaggregated GDP data. The international or global comparisons run more risk of misleading interpretation arising from differences in quality or compilation between data sets. In addition, the problems of interpretation arising from differences in currency units between two countries tend to be pronounced, so international comparisons of GDP make most sense if conducted in terms of a single, relatively stable currency.

We compare rates of economic growth in the UK and in the US and choose a period from the first quarter of 2007, when people began to feel that national economies across the world were becoming affected by a global financial crisis. We compare rates at which these two national economies were growing, so we are less interested in their size at any point in time. Data collected on constant-price GDP are then adjusted to identify any effects on output that can clearly associated with a particular season of the year (`seasonal effects’), so are atypical of the four quarters of a full year. 
US constant-price data are taken from the Bureau of Economic Analysis (BEA), part of the Department of Commerce’s Economics and Statistics Administration, while those for the UK are again from the ONS. 
Quarterly GDP data (see Chart 4 below) enable the percentage change from one quarter to another to be calculated, for considering changes in economic activity over a short period. 
Chart 4: 
UK and USA quarterly growth rates
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Sources: BEA and ONS
The rate of growth of the US economy shows considerable volatility over the chosen period; significantly, however, national output fell in some quarters. UK experience during that period of waning confidence in the financial sector was a little different. A more consistent downward growth trend is observed for the UK, output levels actually falling in the later quarters of 2008.

4. A Cautionary Note about Interpreting Growth Data

Resist any temptation to equate measures of GDP or growth rates directly with evidence of prosperity or standards of living. A standard GDP series includes much of what is easily measured, however imperfectly, in terms of a currency. Even more imperfectly, it includes less of what people regard as desirable but which is not bought and sold for money. Any undesirable effects of production, for example any long term adverse environmental impacts, are also not recorded directly by these standard measures.  The figures can be adapted to take account of more aspects of life, including social preferences about unequal life chances between people: campaigning organisations have done so and other indicators of quality of life do not always correlate closely with patterns of standard GDP data. 

GDP figures, like other data, are always no more than imperfect estimates of exactly what they purport to measure. Nonetheless, they may be the most reliable indicators available of something more significant in human lives than GDP itself, if they are analysed and interpreted skilfully with care. 

5. Review Questions   
1. `Growth in the size of an economy can be estimated as the difference between two figures that indicate Gross ______ in the same place within two different _______.’ Which words are missing?
2. What flow is measured by each GDP figure and how does this differ from a stock of wealth?

3. If a time-series of GDP figures accurately indicated growth in volume of an economy, what exactly will have grown?

4. Why can’t an annual GDP figure indicate a growth rate?

5. Why doesn’t a positive growth rate necessarily mean that:

(a) annual output has increased?
(b) capacity to produce output sustainably has increased?
6. Why doesn’t a higher real growth rate, as indicated by GDP data,      necessarily mean that the standard of living in a place has increased?
7. If we have quarterly GDP data:  

(a) how could we calculate a    quarterly compound growth rate?
(b) how could we calculate an    equivalent annual growth rate?
8. How do short run and long run     growth rates, as indicated by GDP data, differ from each other? 
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